Objective: The present study aimed to evaluate whether baseline insulin resistance (IR) modify weight change associated to glycemic index (GI) of the diet. Method: This is a secondary analysis of a randomized GI intervention according to baseline HOMA-IR. Middle-aged (25-45 years), non-obese (BMI 23-29.9 kg/m 2 ) women were randomized to low or high GI diets matched on total energy, macronutrient composition, and fiber content. Both groups received dietary counseling based on a small energy restriction (100-300 kcal/day). Women were classified in two groups according to their baseline HOMA-IR: IR (n = 64) and non-IR (n = 121). Results: At baseline, IR and non-IR groups had similar BMI (26.7 vs. 26.3 kg/m 2 ; p = 0.21), but the IR group presented with higher waist circumference (82.7 vs. 80.8 cm; p = 0.02) and showed greater weight loss after 12 months of follow-up (-1.6 vs. -1.1 kg; p = 0.01), mainly among those in a high-GI diet (-2.1 vs. -1.0 kg; p = 0.005) compared to the non-IR group (-1.4 vs. -0.8 kg; p = 0.04). Conclusions: The high-GI group showed statistically significant higher reduction in body weight, mainly among those women with baseline IR . Low-GI diet did not facilitate weight loss neither in IR women nor in non-IR women.
Introduction
It has been postulated that insulin resistance (IR) plays an important role in body weight regulation [1] . A hypothesis brought up by Eckel [1] suggests that IR serves as a physiologic preventative measure against future weight gain by allowing preferential fatty acid mobilization and oxidation, and through the direct effects of insulin on the central nervous system, resulting in satiety and reduced food intake over the time. On the other hand, other studies have provided a body of evidence against this hypothesis, showing that IR could promote weight gain or had no effects on weight change [2] [3] [4] [5] . These conflicting results could be attributed to the differences in study designs, different interventions to promote weight loss such as diet, exercise or both, and sample characteristics. Furthermore, many factors that influence insulin dynamics (e.g. type of diet) may theoretically interact with subject-specific characteristics to influence weight change.
Many types of diets have been proposed to promote weight loss, and most of them showed similar results, as observed in a study conducted by Sacks et al. [6] . The glycemic index (GI) diet could be an alternative dietary intervention that classifies carbohydrate intake according to blood glucose responses [7] . Even though the GI had relevance in lipid and glycemic control, the effect of GI on weight management remains a controversial issue [8] [9] [10] [11] [12] . A meta-analysis published by Thomas et al. [13] showed a greater weight loss associated to low GI diets in short-term studies, although in this analysis studies have not account for one important methodological issue, the macronutrient composition of the diet, mainly protein and fiber, and also did not differentiate glycemic load from GI. Other studies in which low GI compared to high GI were matched on macronutrient composition and fiber have not shown any effect on weight change, although positive effects on serum lipids were confirmed [8, 12, 14] . Recently, Larsen et al. [15] conducted a large randomized study evaluating the effects of different GI diet on weight maintenance and showed a potential benefit of low-GI diet on maintenance of weight loss after 6 months of follow-up.
An important factor that could be related to the effectiveness of GI diet on weight change is the insulin sensitivity, given the direct influence of GI on insulin secretion [16] . Wolever and Mehling [17] studied the effects of different GI diets on weight change in subjects with impaired glucose tolerance and found a greater weight loss for the high-GI group after 4 months of follow-up. On the other hand, in a small clinical trial, Pittas et al. [18] showed that high baseline insulin, a typical characteristic of IR, was positively associated with weight loss among participants on a low-GI diet, and the reverse was observed in those with low insulin at baseline.
In our study comparing low-to high-GI diets matched on other dietary constituents in each meal [8] , one third of women were classified as insulin-resistant, allowing us to test the hypothesis that IR at baseline could modify the association between low GI and weight loss during the follow-up. We hypothesized that low-GI diet could be most effective among IR subjects, given the higher fasting insulin in this group, while a high-GI diet could be more effective among non-IR subjects, based on lower fasting insulin.
Material and Methods
The present study is a secondary analysis of a randomized controlled trial primarily designed to compare the effects of a low-and high-GI diet on weight change. The full description and results of dietary intervention have been published elsewhere [8] . In short, 203 middle-aged healthy women (25-45 years) with a BMI of 23-29.9 kg/m 2 were recruited for the study which aimed at a small weight loss during the follow-up. The study was approved by the Institutional Review Boards of Harvard School of Public Health and of State University of Rio de Janeiro.
Dietary Intervention
Dietary counseling was based on a small energy restriction (100-300 kcal/day) with 26-28% of energy as fat. Individual nutritionist counseling was given every month with menus and exchange lists provided. For each low-GI diet meal there was an average difference of 40 units of GI compared to the high-GI diet based on published GI values for healthy individuals [19] , using white bread as the standard GI of 100%. The overall GI was calculated by multiplying the carbohydrate intake of each food by its GI, summing up the products for all foods and dividing the sum by the total carbohydrate intake. Main items included in the experimental diet included beans, parboiled rice as well as fruits of low GI such as plums, apple, strawberry, orange, tangerine, pear, peach, fig, and guava.
Subjects were instructed to eat three meals and three snacks according to a 6-day menu plan. Instructions also included limiting to a minimum all candies, added sugar, and sodas, except for the weekly day free of diet.
Measurements
Weight was measured monthly. Waist and hip circumference, body composition, and fasting blood samples were collected at baseline and after 3, 6, and 12 months of follow-up. All measurements were performed in the morning, and blood samples were collected after a 10-hour fast. Aliquots of plasma and serum were isolated from the blood samples and frozen at -70 ° C within 2 h after being drawn. Height was measured to the nearest 0.5 cm with a wall-mounted stadiometer, and body weight was measured by using the same calibrated digital scale for all participants. Circumferences were determined with the participants standing and were taken at the largest girth of the hip and smallest girth of the waist.
Food intake was based on the food frequency questionnaire developed and validated in the adult Brazilian population [20] , and it was measured at baseline and after 3-, 6-, and 12-month follow-up.
Glucose were measured using GoldAnalisa kits (Gold Analisa Diagnóstica Ltd., Belo Horizonte, Brazil) with an intra-assay CV varying from 0.9% to 1.2%, and an inter-assay CV varying from 1.9% to 2.7%. Serum insulin concentration was determined by radioimmunoassay using a ImmuChem TM 125/RIA kit (ImmuChem S.A. Voz-Ramet, Belgium) with an intra-assay CV varying from 4.2% to 8.2%, and an interassay CV varying from 6.4% to 8.8%. Relative insulin resistance (HOMA-IR) was estimated according to the formula ((glucose in mmol/l ! insulin in U/ml) / 22.5).
Data Analysis
Previous results of this study showed that low-GI diet did not facilitate long-term (18 months) weight loss compared to high-GI diet; in the present analysis, we used the first 12 months of follow-up due to the important weight regain after this time frame. Of the 203 women included in the primary study, 185 had insulin baseline values and were included in this secondary analysis. The Brazilian criteria for IR, which state a cut-off value of 2.71 [21] , were used to classify women in two groups according to the baseline HOMA-IR: IR (n = 64) and non-IR (n = 121).
Baseline characteristics of groups were compared using Student's t-test. Analysis of changes over time for parallel groups with repeated measurement used the PROC MIXED in SAS (version 9.1; SAS Institute Inc, Cary, NC, USA). This analysis included all subjects regardless of loss to follow-up or compliance. The effects of diet stratified by IR status at baseline included time, diet and time ! diet interaction. The term of interest was time ! diet interaction, which estimates the rate of changes in the outcomes. Residual plots of all models were examined, and their distributions did not show major deviations from regression assumptions.
Results
Baseline characteristics of the participants were compared in relation to IR and assigned diets ( table 1 ). Compared to IR group, the non-IR group showed very similar values of height, weight, BMI, and hip circumference but statistically significant lower values of waist, waistto-hip ratio, glucose, insulin, and HOMA-IR, as expected. When tnon-IR and IR groups were further stratified by GI diet, there were no differences according to diet in both groups ( table 1 ) .
Women classified as insulin-resistant at baseline had greater weight loss after 12 months of follow-up in comparison to non-IR (-1.6 vs. -1.1 kg; p = 0.01), independently of the dietary intervention assigned. During follow-up, changes were more pronounced in women on the high-GI diet than in women on the low-GI diet. These differences were statistically significant for weight and BMI and were greater among the IR group ( table 2 ). No differences for energy intake were found between diet groups during the follow-up (p 1 0.4).
Discussion
An important finding of the present study was the influence of IR on rate of weight change. Women classified as insulin-resistant showed a greater weight loss after 12 months of follow-up in comparison with non-IR women. Some investigators found an association between IR and weight loss, and it has been proposed that IR is a physiological adaptation that limits fat deposition, increases lipolysis, and leads to weight stabilization [22] . In addition, insulin secretion may reduce weight gain through the direct effects of insulin on the central nervous system by inducing satiety and reducing food intake [1, 23] . In accordance with our findings, Evangelou et al. [24] examined the influence of IR on weight change during a follow-up study of obese women with metabolic syndrome submitted to a caloric restriction and found that patients in the highest quartile of HOMA-IR at baseline lost more weight than the rest of the group.
Most of the studies on the effect of IR on weight change compared groups with different IR but also differences in BMI. Our sample has the important characteristic of a similar overall adiposity (measured by BMI) in both IR groups but greater difference in waist LG I = Low glycemic index; HGI = high glycemic index. a t-test.
circumference. The subcutaneous adipose depot is the primary store site for fat, and an enlargement of subcutaneous fat depot leads to an increase of IR, limiting lipid deposition at the subcutaneous site and leading to an increased uptake of triglycerides in the visceral adipose depot [25, 26] . In our study, the IR group had greater waist circumference and waistto-hip ratio (a surrogate for visceral fat), and studies have been showing that visceral adipose tissue is more resistant to antilipolytic effects of insulin than subcutaneous fat [27] . Conversely, catecholamines have a lipolytic effect that predominates on the adipocytes of visceral tissue, leading a greater lipolysis [28] . Therefore, it could be postulated that the IR group, who had greater visceral fat mass, was more prone to greater weight loss compared to women of same adiposity without IR. Whether subgroups in the population respond better to different diets is an unanswered important question, and only few studies examined whether the presence of IR influenced the weight loss response to diet [29, 30] . In addition, the results of studies that investigated the effects of IR status on weight loss in individuals submitted to different GI diets are still controversially discussed [16, 31] . Our results showed that low-GI diet did not facilitate weight loss and that IR women receiving the high-GI diet had the greatest weight loss. In a small clinical trial, Pittas et al. [18] examined the effects of diets with different glycemic loads and the influence of baseline insulin on weight change. They found that individuals with rela- tively greater insulin secretion lost more weight when assigned to a low glycemic load than those assigned to a high glycemic load diet, but there was no differential effect of the two diets on weight loss in individuals who had relatively lower insulin secretion. The authors postulated that high-glycemic-load diet increases postprandial hyperinsulinemia, which favors fatty acid uptake and inhibition of lipolysis, thus increasing energy storage and leading to weight gain. On the other hand, Wolever and Mehling [17] showed a greater weight loss in subjects with impaired glucose tolerance submitted to high-GI diet after 4-month follow-up.
Insulin sensitivity and secretion may interact with each other to influence weight change, as showed by Sigal et al. [32] . In this study, those subjects with high insulin secretion without IR gained more weight than those with IR. Therefore, the effect of insulin on weight change depends on whether insulin secretion is an appropriate response to IR. Insulin hypersecretion can promote weight loss as an appropriate response for IR. However, if insulin hypersecretion is excessive in relation to iIR, hyperinsulinemia may promote weight gain [16] . This balance could explain the results found by Pittas et al. [18] , in which non-IR participants and with greater insulin secretion had weight gain. In our sample, the IR group had fasting insulin at baseline almost two times the concentration of insulin in the non-IR group, and an increase in insulin secretion in response to a high-GI diet in the IR group may have exacerbate the catabolic effects of this hormone, leading to a weight loss.
Limitations of our study include the use of the HOMA-IR index to classify women according to baseline IR. Although not a golden standard, HOMA-IR is feasible and has been validated by several studies [33, 34] . In addition, waist circumference is not a direct measure of visceral fat, but it has also been used in many studies as a proxy measure.
In summary, findings in this report indicate that low-GI diet does not facilitate weight loss, independently of baseline IR status. Instead, the high-GI group showed a greater reduction in body weight, mainly among those women with baseline IR. The influence of insulin dynamics on weight change is still unclear and needs to be taken into consideration in future studies.
